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Nelson et al. also found that carbachol-stimulated phosphatidic acid production increased when β-arrestin was overexpressed in cells, whereas production decreased in cells depleted of β-arrestin-so low that a major role for β-arrestin in regulating phosphatidic acid production due to receptor activation is indisputable. In a related report, diacylglycerol kinase was isolated and localized with phosphatidylinositol 4-phosphate 5-kinase, an enzyme that is activated by phosphatidic acid and generates phosphatidylinositol 4,5-bisphosphate. Phosphatidylinositol 4,5-bisphosphate is the precursor for the second messenger diacylglycerol (9) . It is unknown whether β-arrestin regulates the activity of phosphatidylinositol 4-phosphate 5-kinase directly or only through formation of phosphatidic acid.
The binding of β-arrestin to diacylglycerol kinases versus G protein-coupled receptors was discriminated by using a form of β-arrestin 2 lacking the N terminus, a region that his required for interaction with receptors.owever, this form could still bind to diacylglycerol kinases and acted as a dominant negative β-arrestin, causing retention of diacylglycerol kinase ζ in the cytosol. It also blocked phosphatidic acid production by the diacylglycerol kinase-β-arrestin pathway (rather than by phospholipase D). Because diacylglycerol is a second messenger for many diverse receptors, as well as a regulator of transient receptor potential channel activity, this role of β-arrestin may have widespread physiological consequences (10) .
The findings by Nelson et al. are provocative because of the questions they raise: How much β-arrestin is required for a cell to regulate signaling normally? Is this different for distinct cells with discrete metabolic activity or modes of signaling? It is assumed that β-arrestin is present in all animal tissues and cells, but studies of β-arrestin localization are few. What other receptors types (11, 12) The experiment stands out for several reasons. First, the 5-year time span of the experiment underlines the importance of experimental duration for drawing the right conclusions. The lifetime of experimental research rarely exceeds 2 to 3 years (3-5) (see the figure) , although the manipulated system may need longer for the transition from initial disequilibrium to new equilibrium conditions. A field experiment in Arctic tussock tundra showed that focusing on individual species' responses over the short term (3 years) gave poor predictions of their long-term (9 years) response (6). Carbon dioxide (CO 2 ) enrichment experiments in established forest stands revealed that the stimulation of above-ground growth of forest trees in the first years was a temporary effect and was followed by a time-dependent (in this case 4 to 5 years) adjustment of the growth regime back to almost the same level as before CO 2 enrichment (7). Hence, the observed effects of manipulation depend heavily on the time period of data evaluation and suggest different interpretations.
In the grassland experiment by Suttle et al., the initial strong response of nitrogen-fixing forbs (that is, nongrass flowering plants with nonwoody stems) in the first few years was reversed through feedback processes, and the forbs were replaced by annual grasses, with consequences for both biodiversity and food web structure (2) . Again, evaluation of the experiments after the first few years would have resulted in different trends and misleading inferences compared to those revealed in the longer run.
A second interesting feature of the Californian grassland experiment is how the projected precipitation regimes were implemented. Long-term mean precipitation is a useful indicator of the intensity of the hydrologic cycle, but the temporal and spatial patterns of the precipitation regime are the most important issues in determining impacts of Longer time scales and evaluation of temporal effects are essential for analysis of ecosystem perturbations.
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Published by AAAS on February 2, 2007 www.sciencemag.org precipitation changes (8) . In the grassland experiment, effects of increased rainfall depended strongly on the seasonality of the increase. Communities experiencing additional watering during the wet winter season responded similarly to those exposed to ambient rainfall, whereas watering at the end of the rainy season led to substantial and sustained changes in the composition of the affected communities (2). Hence, different temporal treatments representing the same trend of increases in annual precipitation, but with different seasonal patterns, highlighted the importance of the timing of rainfall.
There is a third reason for interest in these results. Although it is generally agreed that climate change will affect the temporal and spatial association between species interacting at different trophic levels, many studies concentrate on the effects of a single variable on a particular species. Thus, there is a strong tendency to ignore possible complicating factors operating over larger scales and/or multitrophic levels (4, 9) . Long-term field data from grassland habitats in Germany indicate that different trophic levels respond differently to climate fluctuations and suggest that differential trophic responses are likely to be a common, widespread, and important phenomenon (10) . The community-level interactions considered in the experiment by Suttle et al. were strongly influenced by persistent altered environmental conditions and not a consequence of short-term fluctuations of the precipitation regime. The initial signal of increased plant species richness and greater diversity and abundance of invertebrate herbivores, predators, and parasitoids was reversed in the course of the experiment as a result of the increasing share of annual grasses with low nutritional value and monocultures of these plants offering low structural complexity. This finally led to a simplification of the grassland community as a whole (2) .
Together, these examples warn against overstating the results of inappropriate experimental conditions in terms of temporal [and also spatial (4, 11) ] scales (see the figure) . Careful interpretation of experimental data is thus crucial to avoid overinterpretation of early experimental results. In general, timeseries analysis should be performed over as many years as possible.
The study by Suttle et al. shows how one can tackle ecological complexity in manipulative experiments: The 5-year duration of the experiment has revealed reversal trends of initial effects; different temporal patterns of treatment highlight the importance of the timing of rainfall compared to the annual amount; and feedback processes through higher trophic levels may overturn direct climatic effects on the species level and reverse community trajectories. These aspects make this work particularly valuable for ecological experiments and for global change research in general. It is a strong reference for the importance of field-based long-term monitoring and experiments for climate impact studies.
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Not to scale. Ecological complexity increases with scale, whereas the number of ecological experiments shows the opposite trend. There is a strong tendency to ignore possible complicating factors of ecological complexity operating over a larger scale. This schematic chart is based on (11, 12) .
T he quest for longevity has led to the discovery of several genes that affect the life span of organisms ranging from yeast to mammals. An increased life span has been linked to the expression of sirtuins, impaired function insulin receptor homologs, and absence of the signaling protein p66 Shc . Several cell signaling pathways associated with these factors converge on the Forkhead/FOXO family of transcription factors, which regulate the expression of a battery of stress response proteins that affect antioxidant capacity, cell cycle arrest, DNA repair, and apoptosis (1). Life span-regulating proteins also directly affect mitochondrial function, including energy metabolism and reactive oxygen species production, in which p66 Shc plays a critical role. How these mitochondrial processes integrate with the upstream signaling events to control life span has remained enigmatic. On page 659 of this issue, Pinton et al. describe a signaling pathway that controls the mitochondrial activity of p66 Shc (2) (see the figure) and provides insight into how this integration might occur.
The extended life span of mice lacking p66 Shc has been correlated with a decrease in mitochondrial metabolism (3) and reactive oxygen species production (4). Pinton et al.
show that p66 Shc is required for early mitochondrial responses to an oxidative challenge (hydrogen peroxide, H 2 O 2 ). These responses include mitochondrial fragmentation and suppression of Ca 2+ signal propagation to the mitochondria, followed by execution of apoptosis (cell death) in murine fibroblasts. The authors found that early mitochondrial response to H 2 O 2 increased progressively with cell culture age, and used this model to map the signaling cascade through which p66 Shc affects mitochondria.
